550kV GIS isolation switch of aramid insulated tension pole was studied in this paper. The aramid fiber fabric and polyester fiber fabric are rolled into the mold in the winding technology. Through the vacuum pressure impregnation process, the epoxy resin, curing agent, accelerator system was filled, the product of the aramid insulated tension pole was obtained after curing and stripping. Meanwhile, the electrical insulation characteristics and mechanical properties of insulated tension rod were performed. The results indicated that the insulated tension pole made in the vacuum impregnation process owned excellent electrical insulation performance and mechanical properties, which was basically able to meet the performance requirements of foreign products.
Introduction
The insulated tension pole of isolation switch is important insulation and transmission part of GIS equipment, and its mechanical and electrical insulation properties are required to have high reliability. In recent years, the flashover occurs when the high voltage GIS isolation switch of insulated tension pole is under transition and operation, which brings great challenges to the safety of power operation. Insulated tension pole, as high voltage insulation control pole, is used in 110kV and even above voltage level. With frequent operation as well as thin and long structure, the insulated tension pole should meet many requirements including excellent electrical insulation and mechanical properties, light weight and creep, fatigue resistance, no defects both on the inner and outer surface with good gloss.
The insulated tension pole requires high glass transition temperature of the matrix resin, excellent permeability, favorable bonding interface and good tightness between the fiber fabric layers. These requirements make it necessary to provide a strict technical scheme, including the fabric design, material selection and early pre processing, epoxy resin formula selection, pouring and curing of the entire process to meet the needs of actual work.
Aramid fiber is a new type of high performance organic fiber with excellent properties such as low density, high strength, high temperature resistance, good thermal stability, favorable insulation, aging resistance, long life cycle and so on. Epoxy resin, as one of the important matrix materials for electrical equipment, has excellent mechanical, electrical insulating and adhesive properties. In this paper, the optimization of the epoxy resin system and the fiber fabric are selected [3, 4, 5] . Using aramid fiber fabric as reinforcement material, the insulated tension pole of the GIS 550kV isolation switch with excellent mechanical properties and excellent electrical insulation performance is obtained by vacuum impregnation process [6, 7] . The preparation of aramid insulating rod includes the following steps.
(1) Fiber fabric winding: fiber fabric is wound on the mandrel of coating demolding agent, and then with mandrel together is filled in the cavity, then mould is fixed at both ends.
(2) Pretreatment of vacuum system (3) Vacuum Resin Dosing: the mixed system of the epoxy resin gained from step bis injected into the lower end of the mold under a certain pressure.
(4) Gel process: the product gained from step c is gelated in a certain temperature of the mold.
(5) First cured:the product gained from step d is cured in a certain temperature of the mold.
(6) Second cured (7) Demoulding: the insulated tension pole is prepared
Material Selection

Selection of Epoxy Resin
The selection of epoxy resin system should be in consideration of mechanical properties and electrical insulation properties. It is necessary to optimize the basic resin system. Through the electrical insulation properties of the insulated tension pole including the electrical strength, dielectric loss, dielectric constant, and mechanical properties like tensile strength, bending strength, shear strength, etc.
Selection of Aramid Fiber Fabric
Aramid fiber is selected from perspective of comprehensive performance covering mechanical and electrical insulation properties, processing of weaving, diameter, area density, fabric surface as well as good wetting properties between the epoxy resin and aramid fiber.
The Discussion of Test Results From the above tables, we can see that the basic physical properties of the insulated tension pole of self-prepared are similar to the Tyco products. Among these properties, density is 1.3g/cm3, which, shows that the composite material is high in aramid fiber fabric to a certain extent and the interface bonding between fiber fabric and epoxy resin is tight. As a key performance parameters of the polymer materials, the glass transition temperature of the composite material is seen close to the products of Tyco at the table, and its data demonstrates that the current glass transition temperature can meet with the requirements of insulated tension pole of GIS isolation switch. Water absorption is one of the important parameters of insulated tension pole. Low water absorption indicates better compactness of composites. Siphon test results further manifest that the internal structure of the composite material is compact.
Study on Physical Properties of 550kV Insulated Tension Pole
Analysis on Microstructure of 550kV Insulated Tension Pole
The surface compatibility between aramid fiber fabric and epoxy resin is poor. The interfacial bonding condition of aramid fiber fabric/epoxy resin plays an important role in the electrical insulation properties of the composites. In this study, the microstructure of the composites is detected by industrial CT tomography. By analyzing the distribution of the density of the fault plane, we can get information about the density uniformity, the volume content and distribution of the micro pores in the composites [14] . Fig.1 is microstructure images of insulated tension pole detected by CT, and the one on the right is the product gained through improved vacuum impregnation process, which shows good compactness in internal structure and excellent interface properties.
Analysis on Mechanical Properties of 550kV Insulated Tension Pole
Bending Performance of Insulated Tension Pole. The test sample is five insulated tension poles. The bending strength of insulated tension pole of Tyco is 200MPa. Table 3 is the test data of bending strength of aramid insulated tension pole, the data shows that the bending strength of insulated tension pole keeps a high level when it is above 200Mpa, and it can meet the requirements of operation when 550kV GIS isolation switch in use. The mechanical properties of the composites are mainly determined by aramid fiber fabric and epoxy resin, among which the mass fraction of aramid fiber fabric is up to 60%. Such high percentage in the composites can ensure excellent mechanical properties of products because the aramid fiber itself has outstanding mechanical properties. By choosing different ways of weaving and filament diameter for aramid fabric, we can make it have better infiltration with epoxy resin. Thus the aramid fabric provides sufficient strength and toughness for the composite material in radial direction. Fig.2 is the bending performance test of insulated tension pole [15, 16, 17] . Fatigue Performance of 550kV Insulated Tension Pole. The fatigue performance of insulated tension pole is a key parameter of its mechanical properties, and also the key parameter for material life when high voltage insulated tension pole in use. In this paper, the fatigue performance of 550kV insulated tension pole is tested. The test piece is designed to use the load as the axial tension fatigue load, the maximum load is 532 N, the minimum load is 0 N. In order to prevent the test specimen from the "0" point in the test process, the maximum load is 532 N, the minimum load is 10 N. The fatigue test results show that the surface of the insulated tension pole is not broken or has no visual damage after 5000 fatigue cycle tests. Thus a conclusion is drawn that the insulated tension pole has excellent fatigue performance, which can meet the requirements of products under specified test conditions.
Analysis on Electrical Insulation Properties of 550kV Insulated Tension Pole
Axial Electrical Strength of Insulated Tension Pole. The axial electric strength of insulated tension pole of Tyco is 16kV/mm-18kV/mm.
The data in the table 4 shows that insulated tension pole have good electrical insulation performance, and its axial electric strength is similar to that of the Tyco products. The electrical strength test results, to some extent, indicates composite material has favorable compactness, few defects as well as good interface bonding between epoxy resin and aramid fiber fabric, which can meet the requirements of its application in high voltage GIS isolation switch. table 4 and table 5 that insulated tension pole have good electrical insulation properties. Its product has low dielectric loss which, to a certain extent, can also be used to characterize the electrical insulation properties of insulating materials. 
Conclusion
1)
Through the characterization of mechanical properties and electrical insulation characteristics of aramid fiber insulated tension pole, combined with the current vacuum impregnation process and material formula system, product that meet performance requirements can be produced.
2)By comprehensive assessment of mechanical properties, electrical insulation performance, water absorption and heat resistance for aramid fiber insulated tension pole, the product can meet technical requirement when high voltage GIS isolation switch in use.
3) Aramid fiber fabric have good physical mechanical properties and electric insulation performance. Through its unique structure design and material weaving, favorable infiltration can be made between it and epoxy resin, which can ensure high performance requirements of GIS isolation switch.
4) For the preparation of insulated tension pole for GIS 550kV, through the vacuum impregnation process control and the selection of basic raw materials, the finished product rate of insulated tension pole is up to 90%.
